Drainage and the fiber bleed-through (FBT) are very important variables for the wet process. While there are several methods that can be used to evaluate the drainage retention characteristics of papermaking furnishes, these methods are not suitable for the fiberglass slurries used in the wet process. This paper reported a wet process mimic device (WPMD) that is specially designed for the fiberglass slurries. The WPMD is capable of (1) mimicking a wet process, (2) measuring the rate of drainage, (3) quantifying the amount of FBT and (4) comparing the performance of various forming fabrics under simulated dynamic conditions. With some minor modifications, the WPMD is expected to have additional functions for (5) studying the shearing and aging effect on white water and (6) (possibly) evaluating the wear resistance of a forming fabric under simulated dynamic conditions.
Introduction
Drainage and the fiber bleed-through (FBT) are of particular importance and interest to the wet-formed glass mat (WFGM) process, briefly, the wet process. Due to a much higher white water viscosity and a much lower consistency, dewatering of a fiberglass slurry in the wet process is usually more challenging than in a papermaking process. For example, the wet process typically operates at lower than one tenth the consistency of papermaking furnishes, so it needs a rate of drainage 10 times higher to establish a similar line speed. The existing wet process lines generally lack drainage measurement capabilities. Among the about 17 wet process lines with main focus on shingle mat in North America, only two were built in the 1990s, and the rest were all installed in the 70s and early 80s. Many of the these wet process lines do not have adequate drainage measurement capabilities. Historically the fiberglass nonwovens industry has been "borrowing" technologies from the paper industry, and has always been kept some distance behind in terms of technology development.
Since drainage and retention have great influences on both the sheet properties [1] [2] [3] [4] and the mill performance, the paper industry has consistently devoted a great deal of resources in the development of various test methods to understand their mechanisms. Among the several methods that can be used to estimate the drainage, or freeness, of a papermaking furnish, the Canadian Standard Freeness (CSF) test [5] is the most common one. On the other hand, the dynamic drainage jar (DDJ) [6] has been a popular device for retention measurements since its introduction in the 1970s [7] [8] [9] [10] [11] . Recently a modified DDJ [12, 13] was developed for the measurement of specific filtration resistance (SFR); the G/W drainage-retention tester [14, 15] was developed to monitor a drainage process and identify the break points between different drainage zones; and in 1996 a new lab tester [16] was reported to be capable of obtaining very accurate measurements of drainage characteristics.
A detailed review of the methodologies for drainage retention characterization is not the intention of this paper. However, it is worthy to point out that none of these available drainage retention testers are known to be suitable for the characterization of fiberglass slurries used in the wet process, due to (1) its high white water viscosity, or (2) its very long fibers, or (3) its very low consistency, or (4) the combinations of these factors. This paper reports a wet process mimic device (WPMD) that was recently developed at the Owens Corning Science and Technology Center. The mimic device is specially designed for the characterization of fiberglass slurries, is capable of measuring the rate of drainage and quantifying the amount of "fiber bleed-through" under simulated dynamic conditions. The device is also capable of evaluating the effects of white water chemistry on drainage and comparing the performance of various commercial forming fabrics. The developmental work will be presented and the detailed capabilities and applications of the WPMD will be discussed.
Though the WPMD is particularly useful for fiberglass slurries, it is expected that the basic concepts of this device should be also applicable for papermaking furnishes after some minor modifications.
Apparatus
Figures 1 and 2 show the photos of the wet process mimic device. While Figure 1 is the stand alone WPMD, Figure 2 shows the WPMD with the working platforms in position. The WPMD primarily consists of three stainless steel chambers and two functional blocks, the drainage functional block (DFB) and the fiber bleed-through functional block (FBTFB). As shown in Figure. 1, the three chambers are vertically arranged to create a gravitational flow field. The DFB block is positioned in between the top and middle chambers, while the FBTFB block connects the middle and bottom chambers together. In addition to the chambers and functional blocks, utility lines (electricity, compressed air, water supply, and vacuum, etc.), control devices and working platforms are other important elements of the WPMD, as showed in Figure 2 .
Mixing Tank
The top chamber primarily functions as a mixing tank, in which white water can be formulated and fiberglass (or other fibers and fillers) slurries can be prepared under agitation in a controlled manner. A propeller is employed to provide adequate mechanical agitation, and is specially designed so that its position relative to the center and bottom of the chamber can be easily adjusted and accurately repeated, its RPM is well adjustable and controllable. When a slurry is prepared, the mechanical agitation effects can be easily varied or repeated as needed.
Collecting Containers
The middle and bottom chambers are collecting containers. During an experiment, the filtrate is collected and temporarily stored in these chambers. The collected white water can be drained during or after an experimental run, depending on different circumstances; it can also be circulated back to the top chamber if needed (an additional option in the future). Other functions of these two chambers include proper connecting ports for vacuum, air release, compressed air and drainage, etc.
The DFB Block
The DFB block positioned in between the top and middle chambers is the heart of this device. This DFB block is primarily composed of (1) a gate (or shutter), (2) a piece of forming fabric mounted on a holder, (3) a movable "forming bed" (the MFB) consisting of a series of supporting bars, (4) a driving and control system that controls the movement and
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speed of the MFB, and (5) a drainage control system that provides flexibility for variation of the rate of drainage.
The gate can separate (connect) the top chamber from (to) the rest of the device. When a fiberglass slurry is being prepared, the gate is set in the "Close" position and the top chamber functions as an independent mixing tank; when the slurry is ready for testing, the gate will be opened instantly, so a test run begins.
A piece of real (commercial) forming fabric, 20" x 20", is mounted on a special holder and positioned immediately below the gate (shutter). When the gate is open and the slurry is being de-watered, the fibers will deposit on the top surface of the fabric and form a web.
The so-called MFB, as shown in Figure 3 , consists of 12 supporting bars, which mimic the functions of forming bars in the forming zone. The MFB is positioned right below the forming fabric and is in direct contact with its bottom surface. During the experiment, this MFB is rotated while the forming fabric is held stationary, so a relative movement is created between the bottom surface of the forming fabric and the top surface of those supporting (forming) bars. This relative motion simulates the dynamic conditions between the moving fabric and the stationary forming bed in the wet process, and provides the WPMD with mimicking capabilities under various line speeds.
The driving and control system includes a driving motor, a speed regulating device (gear box, etc.) and proper controllers. It drives and controls the movement of the MFB. The drainage control system consists of gates, release valves and vacuum, etc. It provides the WPMD with the flexibility for a wide range of drainage rate.
The FBTFB Block
The FBTFB block positioned in between the middle and bottom chambers is specifically designed for fiber bleed through studies. It functions as a "filter" and collects any solids (fibers and particles) that have passed through the forming fabric in the DFB block, so the amount of FBT can be measured and quantified.
Pilot Line White Water
As an additional functionality, the reported WPMD is connected to a continuous sheetformer, in this case a 30" wide pilot-scale wet process line. In addition to a fresh white water, the aged pilot line white water can also be used and tested under some circumstances.
Applications
The new WPMD can be used for at least the following applications: (1) drainage, (2) fiber bleed through, (3) forming fabrics, and (4) white water chemistry. Other potential applications will be explored in the future. The uniqueness of the WPMD, compared to other drainage-retention testers used in the paper industry, lies in not only its suitability for the fiberglass slurries with longer fiber and higher viscosity, but also its mimicking capabilities for obtaining the close-to-reality results under simulated dynamic conditions. The latter should also be applicable for papermaking furnishes with some minor modifications.
Drainage
Being able to measure drainage and the FBT under simulated dynamic conditions has always been the number one priority during the entire process of this developmental work. By design, the MFB of this reported tester has a wide enough speed range that well covers the line speeds of all existing wet process lines. When a drainage experiment is conducted, the FBTFB block is purposely idled, and the middle and bottom chambers as well as the accessories in between them become one integrated unit, functioning as a collecting container with proper controls for air release and filtrate discharge.
The drainage testing procedure is briefly described as follows. First, a specified volume (typically 20-25 gallons) of water (or white water) is charged into the top chamber, and a predetermined amount of chemicals (viscosity modifier, dispersant, and defoamer etc.) are added under agitation to make up a desired white water chemistry. Then, a known amount of fiberglass is added to form a slurry with a desired consistency (or a desired basis weight when the web is formed). While the slurry is being prepared, the MFB is set in motion at a desired speed and the other drainage parameters are also set at desired values. When the slurry is ready for testing, the gate (or shutter) is opened instantly and the drainage process begins. The time duration of the drainage process is recorded and the average rate of drainage is calculated based on the known parameters of the WPMD.
Drainage Examples: Figure 4 shows the effect of viscosity modifier concentration on the rate of drainage and Figure 5 the influence of fiberglass slurry consistency on the rate of drainage. All the experiments were conducted with the Owens Corning 786M 1.25 inch fiber, an Albany International DuraTech 56 forming fabric and the Cytec Industries Superfloc A1885. DuraTech 56 is a double layer forming wire with a specified air permeability of 750 CFM. The measured air permeability for the testing sample was ~700 CFM. Superfloc A1885 is an anionic high molecular weigh polyacrylamide (PAM) with a charge density of ~35%.
Each drainage experiment used 20 gallons of white water (or pure water) with a defoamer level of ~1 ppm. When a
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Figure 3 THE MOVABLE FORMING BED fiberglass slurry was tested, a dispersant (at ~2 ppm) was also added to assist dispersion. A mechanical propeller driven by an air motor was used to ensure a same level of mixing (shearing) for each experiment. All the batches (pure water, white water or fiberglass slurry) were vigorously agitated at 28 psi for five minutes before testing.
As shown in Figure 4 , the presence of high molecular weight viscosity modifier had strong influence on the rate of drainage. The drainage rate of white water was determined under a gravitational flow field and compared to that of pure water. At very low PAM concentrations(~10 ppm), the drainage rate of white water did not decrease, but, rather increased slightly. It is worthy to point out that this experimental phenomenon was well repeatable and was not caused by errors. The presence of small amount of polymeric molecules assisted in the formation of streamlines [17] and facilitated the flow process. At higher PAM concentrations, the rate of drainage was significantly reduced. For example, the drainage rate of white water was reduced to ~65% and 51% at a polyacrylamide concentration of 66 ppm and 165 ppm, respectively. Figure 5 shows that the presence of fiberglass significantly reduced the rate of drainage in a gravitational flow field. All the fiberglass slurries were prepared at a fixed levels of PAM (66 ppm), dispersant (2 ppm) and defoamer (1 ppm). As indicated in Figure 5 , while the 66 ppm PAM itself has cut the drainage rate to ~65%, the presence of fiberglass further reduced the rate of drainage to 47%, 44% and 31% at a slurry consistency of 0.008%, 0.012% and 0.018%, respectively. The three consistency values were purposely designed in the experiments, which correspond to the webs with a fiber basis weight of 0.81, 1.30 and 1.86 pounds per CSF (hundred square feet), respectively. If a 19% of LOI, a typical number for fiberglass shingle mat, is also accounted for, the three consistency values would provide three fiberglass mats of 1.00, 1.60 and 2.30 pounds per CSF, respectively. While the 1.60 pound per CSF is a typical value, the 1.00 and 2.30 values really approach the low and high limits of the wet process.
Figures 4 and 5 have just showed two examples.
More studies have been planed to understand the dynamic drainage processes and the results will be reported when they become available.
Fiber Bleed Through
The so-called fiber bleed-through is a unique problem for the WFGM process. Paper furnishes use short fibers (hardwood fibers 1-2 mm and softwood fibers ~3 mm long) with a significant amount of fine particle fillers (CaCO3 etc.). In contrast, the wet process uses ~100% glass fibers up to 1.25 inches (~32 mm) long. While the first pass retention (FPR) is a critical operation factor for the paper mills and the paper industry has always been searching for new technologies to improve the FPR, the glass mat industry tends to do nothing about it and ignores the terminology of FPR. For the small amount of glass fibers that does penetrate through the forming fabric, it is termed differently as "fiber bleed-through."
In general, the FBT has been only a terminology in the glass mat industry. There does not exist a reliable method that is capable of measuring the amount of fibers passing through a forming wire. Though the ratio of the bleeding-through fiber over the total input fiber in a wet process is much lower than its counterpart in a papermaking process, the FBT presents very different issues from the FPR, since the bleedingthrough fiberglass is much more brittle and abrasive than cellulose fibers. While the FPR in a papermaking process is more considered as the issues of retention and operation efficiencies, the FBT in the wet process is more related to the properties of a closed white water system and the service life of a forming fabric, etc.
A detailed discussion about the FBT effects on the wet process operations is out of the scope of this paper and may be addressed in a future paper.
Measurement of the FBT using the WPMD is simple and straight forward. When an FBT experiment is conducted, the FBTFB block is set in the functional mode and the rest of operation is similar to the drainage experiment as described previously. The solids, fibers and particles that have passed through the forming fabric in the DFB block will be caught at the FBTFB block, and weighed accurately after proper drying. So, the FBT can be quantitatively determined by calculating a ratio of the solids caught at the FBTFB block to the known mass of input fibers (or solids). The FBT Examples: Under similar conditions to those experiments used in Figures 4 and 5 , an FBT experiment was conducted using a DuraTech 56 forming wire at a slurry consistency of 0.012%. During the experiment, the average speed of the MFB was set at a ~610 fpm to simulate the dynamic conditions in the wet process. The mimic experiment did show a small amount of long (1.25 inches) fiberglass penetrated through the forming wire, though the ratio of fiber length to the wire frame size is very high (20 plus).
It was found that the amount of fiberglass bleeding through the DuraTech 56 wire was ~0.02 grams/ft 2 . To give you an engineering sense, the 0.02 grams/ft 2 obtained from the WPMD would be equivalent to the FBT of ~21 pounds/hour (or ~9.5 Kg/hour) on a 4 meter wet process line operating at a line speed of ~600 fpm.
There is obviously a need to understand the process of FBT. More studies will be carried out and reported in the future.
Forming Fabric Study
It is nothing unusual that a wet process line has complained about wire problems, wanted to use a new (different) forming fabric badly, but finally failed to do so. It is believed that the primary reasons for this unwillingness-to-change are probably the concerns about line downtime and the uncertainties of a new wire.
Changing a forming fabric is time consuming and can be very costly. Among the ~17 wet process lines in North America with primary focus on fiberglass shingle mat, the average downtime needed for changing a forming fabric varies from ~3 to over 10 hours, depending on the specific design of a line and the skill level of a working team. For a typical 4 meter line operating at ~700 fpm, one hour downtime would cause a loss of 5,500 CSF product.
A successful forming fabric is determined by many factors: (1) mechanical properties (elongation modulus, ultimate tensile strength, etc.), (2) wear resistance, (3) stability, (4) drainage, and (5) fiber support. While some variables (mechanical properties, wear, fiber support) can be determined or estimated, others ( drainage and stability) are very difficult to predict, which causes great uncertainties and concerns. You may have a successful story that a wet process line has selected a new forming wire that fits the line, performs well and provides a longer service life. Oftentimes, however, you would have stories that a wet process line has tried different forming fabrics, but none of them have succeeded. So the line tends to resist changes.
Drainage (filtration) is a complex process determined by many variables. A wire supplier usually provides valuable information about its wires, such as strand materials (nylon or PET, etc.) and diameters, wire structure (single or double layer, etc.) and meshes (number of strands per inch in MD and CD directions), wire mechanical properties and air permeability. However, these variables can not determine how a forming wire performs in terms of drainage and FBT. Air permeability is certainly one of the factors that is related to drainage. However, it is not always true that a wire with a higher air permeability would provide a better performance in drainage.
Other wire variables, such as, the fiber support index (FSI) and the drainage index (DI), may also be available if requested. A higher FSI typically helps preventing fibers from bleeding through. However, it is uncertain if the DI could reliably predict the rate of drainage.
As discussed earlier, the WPMC is capable of measuring the rate of drainage and the FBT of a forming fabric. By conducting a parallel experiment that compares a new wire to an existing forming wire, the WPMD is able to predict how a new forming wire would perform in the process. By studying various forming fabrics of different structures and building up a data base, the WPMD will help establish the relationships between the wire structure and its performance in terms of drainage and the FBT.
White Water Chemistry
It is known that [18] white water chemistry strongly affects the wet process operation. A white water of higher viscosity is beneficial for keeping the dispersed fibers from forming strings. It, however, reduces the rate of drainage and needs a higher level of vacuum to maintain proper operations. The WPMD is an ideal device for studying the drainage and FBT characteristics of white water chemistry. Though the WPMD might not be sensitive enough to evaluate the changes caused by a different type (or amount) of dispersant, it is certainly capable of evaluating the changes caused by a different type (or amount) of viscosity modifier. Shearing and time effect on the drainage characteristics of a white water can also be determined using the WPMD.
An Example: In early 1998 Owens Corning used the WPMD to evaluate and compare different viscosity modifiers. The lab experiments have resulted in a smooth and successful change on commercial lines.
Future Work
The future work is expected to include device modifications and applications. The WPMD will be slightly modified to expand its capabilities for other potential functions. A circulation line from the bottom chamber to the top chamber with proper loop control devices will be added. This will provide the WPMD with additional functions of evaluating (1) white water aging effect and (2) (possibly) studying the wear resistance of a forming fabric under simulated dynamic conditions. The WPMD is currently capable of operating under a gravitational flow field only. A vacuum line with proper control devices will be added. This addition will enable the device to (3) perform vacuum assisted flows (drainage), and the drainage capability will be enhanced.
In terms of applications, the WPMD will be used to study the effect of various factors (white water chemistry, slurry consistency, shearing effect, aging effect, and forming fabrics structure, etc.) on the rate of drainage and FBT. Parallel experiments will be performed to assist decision making for wet process operations. A fundamental approach will also be used to understand the mechanisms of various wet process phenomena.
